This paper is a study of the spillover effects of U.S. macroeconomic news on different sectors of the Australian stock market. We find that an indication of economic contraction from the United States raises the conditional mean, and most news elicits associated volatility in the Australian stock market. We further document that different sectors respond differently to U.S. news. For example, U.S. news has the strongest effect on the first two moments of the Australian Industrials and Property Trusts stock returns and the least impact on the Materials sector. Furthermore, we document that while U.S. news has been absorbed relatively quickly on the conditional mean, the volatility impact is somewhat persistent.
Australian stock market, while a higher than expected U.S. gross domestic product (GDP) growth rate leads to an increase in Australian market returns. On the other hand, a sign of contraction in the U.S. economy (higher than expected interest rate, inflation, and unemployment) causes high conditional volatility of the Australian market returns, whereas an economic expansion (higher U.S. GDP growth) results in a lower volatility in the Australian market. Second, we show that different sectors react differently to U.S. news; for example, U.S. news has the strongest effect on the first two moments of the Australian Industrials and Property Trusts stock returns and the least impact on the Materials sector. Third, we find that the U.S. news has been absorbed relatively quickly on the conditional mean of the Australian returns, while the speed of adjustment on the conditional volatility is relatively persistent.
The rest of this paper is organized as follows. The next section contains a discussion of data, followed by a discussion of empirical modeling issues. The estimation results are reported and analyzed in the next section. A discussion of several robustness checks follows, and the final section concludes the paper.
Data

Australian Stock Indices
Because U.S. macroeconomic announcements are made when the Australian stock market is closed, the earliest reaction can be captured at market opening one calendar day after the news announcement. Hamao, Masulis, and Ng (1990) suggested that information spillovers from foreign markets would be expected to show up only in the close-to-open returns as predicted by the international asset pricing model. On the other hand, volatility spillovers to the conditional variances of the close-to-opening and opening-to-close horizons can occur. Therefore, while most previous studies utilize daily closing data to explore the impacts of the macroeconomic news, we employ opening and closing prices to disaggregate the daily investigation horizon into overnight and intraday periods. We collect daily opening and closing data from Reuters for the ASX/S&P 200 benchmark index (AXJO) and its Global Industry Classification Standard (GICS) sector subindices including Energy (AXEJ), Industrials (AXNJ), Consumer Discretionary (AXDJ), Consumer Staples (AXSJ), Health Care (AXHJ), Information Technology (AXIJ), Telecommunications Services (AXTJ), Utilities (AXUJ), Financials (AXFJ), Property Trusts (AXPJ), and Materials (AXMJ).
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Following Hamao et al. (1990) , we calculate stock index returns over three time horizons. In addition to the standard horizon widely used in previous studies (H0) and calculated over the close on calendar day t-1 to the close on calendar day t (close-to-close), we further divide this horizon into 2 subhorizons: the overnight horizon (H1) measured over the close of day t-1 to the opening on day t (close-to-opening) and the intraday horizon (H2) measured over the opening on day t to the close on day t (opening-to-close). These subhorizons allow us to have a better analysis of the aggregate spillover effect (H0) of U.S. news on the Australian stock market where the overnight horizon (H1) captures the Australian stock market's first reaction to U.S. news and the intraday horizon (H2) captures any delayed reactions. Table A1 presents summary statistics for the Australian stock returns over three horizons. As we can see from Table A1 , there are significant differences across the returns series over the three time horizons. On average, four returns series have positive returns over all three horizons (Industrials, Information Technology, Financials, and Property Trusts), three series have negative returns over three horizons (Energy, Health Care, and Materials), two series have negative returns over daily and intraday horizons and positive returns during the overnight horizon (Consumer Discretionary and Telecommunications Services), while the opposite is observed for the Consumer Staples series. Finally, the ASX/S&P 200 benchmark index and Utilities series have negative returns over the daily horizon and positive returns during the other horizons. The volatility of returns as measured by the standard error of measurement is lowest during the overnight horizon.
In most cases, the return series demonstrate strong evidence of negative skewness except for Energy, Health Care (overnight return), and Information Technology (daily and intraday returns). In all cases, the return series exhibit leptokurtosis with the highest excess kurtosis during the overnight horizon. In most cases, the returns show significant serial correlation in the first moment except for ASX/S&P 200 and Consumer Discretionary (intraday returns), Industrials and Materials (overnight returns), and Utilities (daily and intraday returns). Finally, all return series demonstrate significant serial correlation in the second moment over all three time horizons.
The U.S. Macroeconomic News
We collected data on four key U.S. macroeconomic announcements for the period from June 2001 to December 2008 as shown in Table 1 . The dataset consists of the target interest rate announcements released after the Federal Open Market Committee (FOMC) from the Federal Reserve Board meetings (Fed), quarterly GDP percentage level released for the previous quarter, monthly consumer price index (CPI) percentage change, and unemployment (UE) percentage level for the prior month. These are the most important economic announcements as identified by Balduzzi, Elton, and Green (2001) . To derive the macroeconomic news component from the actual announcements, we use the median of the survey series obtained from Reuters' surveys. If M i denotes the median of the surveys and A i the actual announcement for macroeconomic variable i, the news component of macroeconomic news i is measured as
In line with recent developments in the target interest rate news literature, we derive the news component of the central bank's target interest rate news using Kuttner's (2001) methodology. The news component of the Fed's target rate announcements on day d of month m can be derived from the implied change in the futures contract's price. Because the Fed funds futures settlement price is based on the monthly average of the spot Fed funds rates, the number of days affected by the announcement in that particular month is scaled as in Equation 2:
is the current-month Fed funds futures rate, f
is the futures rate as of the day prior to the announcement, D is the number of days in the month, and D-d is the number of days in the month affected by the announcement. Table A2 presents descriptive statistics for U.S. macroeconomic news. As can be seen, while the majority of GDP, CPI, and UE announcements are lower than expected, the pattern is not very clear for the Fed fund rate announcements where the number of higher than expected news announcements is marginally greater than lower than expected and no news. Except for GDP, the others have negative means. Except for Fed news, the other three series show positive skewness. Finally, the news series exhibit leptokurtosis.
Empirical Models
This paper contains a dual examination of how the news impacts both the conditional mean and the conditional volatility of daily returns. Furthermore, as the effects of the news on volatility depend on the role of the news in resolving the heterogeneity of beliefs and expectations of market participants, it is necessary to employ a model that allows us to detect both stimuli and calming effects, that is, both higher and lower volatility as a result of the news.
The econometric literature shows that the Generalized Autoregressive Conditional Heteroskedasticity (GARCH) specification proposed by Bollerslev (1986) and its extensions are among the most widely used models to model daily financial returns series characterized as skewed, leptokurtic, and not normally distributed with time-varying second moments discussed in the section on Australian stock indices. The parsimonious MA-EGARCH (1,1) model with the exponential specification allowing for both positive and negative coefboth positive and negative coefand negative coef-coef-coefficients on the conditional volatility allowing for a better analysis of the asymmetric shocks on volatility is best suited to this paper's testing purposes.
Equation 3 shows the MA-EGARCH (1,1) model used for the empirical estimation of U.S. macroeconomic news spillover effects. Following Balduzzi et al. (2001) , we test the impact of each news announcement separately. The conditional mean equation of the Australian stock market returns ( t y ) is expressed as a function of past changes in relevant markets; the Holiday effect variable (Hol t ) is specific to each market segment and records the number of days of market closure between two successive market prices. The value of 0 is assigned for normal consecutive daily observations, whereas values of 1 or higher are assigned for returns observations calculated over a longer horizon due to market closure; the Monday dummy variable ( t Mon ) is used to account for the weekend effect and takes the value of 1 for Mondays and 0 otherwise, and the news variable (News t ) is used for each of the U.S. macroeconomic variables discussed. The conditional variance equation for the changes in the financial market series ( t h ) is expressed as a function of one period lag of the variance and the residuals, the Holiday and Monday effect dummies, and News t variables. The News t variable is lagged by one period to account for the trading time difference between the U.S. and the Australian markets. The U.S. announcements are released while the Australian market is closed; thus the latter would respond to the news from the USA when it opens for trading one calendar day after the announcements. Therefore, the spillover impacts, if any, would show up in the following day: 9 variable is lagged by one period to account for the trading time difference between the U.S. and the Australian markets. The U.S. announcements are released while the Australian market is closed; thus the latter would respond to the news from the USA when it opens for trading one calendar day after the announcements. Therefore, the spillover impacts, if any, would show up in the following day: In general, in line with the literature, we expect to find the U.S. inflation and monetary policy has a negative impact on Australian stock returns. The impact of other real variables (GDP and unemployment) needs to be empirically tested. The effect on volatility depends on whether the news adds to or resolves uncertainty in the markets. If the news leads to further speculations in the market, this increased heterogeneity would be shown in a rise in the volatility. Furthermore, depending on the value added of the information injected by the U.S. news to Australian market participants, a market calming effect could be observed if the U.S. news resolves uncertainty in the Australian market. Table 2 shows the estimation of results for the spillover of the USA's macroeconomic news on the Australian stock market. 4 On the conditional mean, consistent with the literature
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4 On the conditional mean, consistent with the literature on domestic impacts of the U.S. macroeconomic news and a priori expectation, we find that higher than expected interest, inflation, and unemployment rates from the USA have a negative impact, whereas higher than expected GDP growth rates have a positive impact on the Australian stock market's returns. This suggests that a contraction in the U.S. economy has a negative impact on its own stock markets, and this has a contagious effect on the Australian market as well. Furthermore, most significant responses occur during the overnight horizon with 21 out of 30 significant responses; however, only 7 cases persist to the daily horizon. This suggests that the U.S. macroeconomic news is absorbed relatively quickly in the Australian stock market.
Table 2
News Spillover Effects Note. This table reports the estimation results of the MA-EGARCH models described in Equation 3 for the spillover effect of the U.S. news on daily changes of the Australian stock markets. Fed is the FOMC's target rate announcement, GDP is the gross domestic product, CPI is the consumer price index, and UE is the unemployment rate. p values are in parentheses. *, **, *** denote significance at 10%, 5%, and 1%, respectively.
Amongst the four news components, the CPI news has more significant responses than the others. In particular, 4 out of 8 significant responses to the Fed fund rate news occur during the daily horizon, and 75% significant cases (6 out of 8) are lower means. This is consistent with the finding of Kim and Nguyen (2009) that higher than expected target rate news from the Fed results in lower returns for most stock markets in the Asia Pacific region, including Australia. Except for the Fed fund rate news, the other three news components have the strongest impact during the overnight horizon. For the GDP news, all 5 significant responses occur during the overnight horizon. The CPI news also has the strongest impact during the overnight horizon with 7 of 11 significant responses, and for the UE news, all 6 significant responses occur during that period as well.
On the conditional volatility, in general, news on the U.S. Fed of higher than expected target interest rate, inflation, and unemployment elicits volatility in the Australian stock market. This is consistent with the finding of Kim, and In (2002) , who also show a positive influence from the U.S. macroeconomic news on volatility in the Australian stock market. On the other hand, a higher than expected GDP tends to lower volatility in the Australian market. This is consistent with the finding of Flannery and Protopapadakis (2002) , who show that real GDP surprises are associated with significantly lower conditional return volatility in the U.S. stock market. This calming influence from the U.S. markets would also possibly be transmitted to the Australian market as a result of the fact that Australia tends to follow the leadership of the USA.
Amongst 81 significant responses, 33 cases occur during the overnight horizon and are persistent to the daily horizon with 27 significant cases. However, individual news has different influence patterns. The Fed news has the most influence during the overnight horizon, and all 7 significant responses persist to the daily horizon. Similarly, the CPI and UE also have the most significant impact during the overnight horizon with 8 and 10 cases respectively; however, only 6 and 4 cases persist to the daily horizon. On the other hand, most of significant impacts from the GDP news occur during the daily horizon.
Sectoral Effects
This section contains an in-depth analysis of the impact of U.S. macroeconomic news on different sectors of the ASX/S&P 200 index. On the conditional mean, the aggregate ASX/S&P 200 index responds to the Fed news only. The subindices respond differently. The Consumer Discretionary and Financials sectors respond to all four U.S. news announcements, mostly overnight. Two sectors respond to three news announcements, namely, the Energy sector responds the Fed rates, GDP, and unemployment news (overnight only), and the Utilities sector responds to the Fed (daily and intraday), CPI, and unemployment news (overnight only). Three sectors react to two news announcements: the Information Technology sector responds to GDP and CPI news (overnight only), the Telecommunications Services sector reacts to CPI and unemployment announcements (also overnight), and Property Trusts respond to GDP (overnight) and CPI news (overnight and daily). Three other sectors respond to only one news type; while the Industrials sector responds positively to the inflation news over all three horizons, the Consumer Staples sector responds negatively to the Fed news during the overnight and daily horizons, and the Materials sector reacts negatively to the unemployment news overnight only. Finally, the Health Care sector is insulated from U.S. news announcements.
Different sectors respond differently to individual news announcements. In particular, while the aggregate ASX/S&P 200 index responds negatively to the Fed news during the daily horizon, the negative impact of the Fed news only shows up during the overnight horizon for the Consumer Discretionary sector. On the other hand, such negative influence is relatively persistent for the Consumer Staples and the Utilities sectors. These are sectors sensitive to the higher interest rate as during the contractionary period, consumers tend to cut spending. However, the Fed news has a positive impact on the conditional mean of the Energy and Financials sectors. We conjecture that as Australia is the net fuel exporter to the USA, a contractionary policy stance in the USA might be viewed as a good opportunity for Australian energy exporters as a result of strengthening or weakening of the U.S. or Australian dollar. The positive impact of the Fed news on the Financials sector is also consistent with the finding of Kim and Nguyen (2008) that due to the balance sheet structure of most Australian banks, which have more U.S. dollar denominated interest rate sensitive assets than liabilities, an unexpected increase in the U.S. target rate would ultimately result in a positive effect on the banks' income and these unexpected windfalls would be shown up in their stock prices.
In addition, the Consumer Discretionary, Information Technology, Financials, and Property Trusts sectors respond positively to the GDP news during the overnight horizon, while the opposite is observed for the Energy sector. Similarly, while only the Industrials sector responds positively to the CPI news over all three horizons, the other six sectors respond negatively to this news mainly during the overnight horizon (Consumer Discretionary, Information Technology, Telecommunications Services, Utilities, Financials, and Property Trusts). Finally, six sectors respond negatively to the unemployment news during the overnight horizon (Energy, Consumer Discretionary, Telecommunications Services, Utilities, Financials, and Materials).
On the conditional volatility, the aggregate ASX/S&P 200 index responds to all four news announcements at least during two time horizons. In general, the Fed, inflation, and unemployment news elicit the conditional variance of the ASX/S&P 200 index returns, while the GDP news helps to reduce the volatility level. For sectoral effects, except for the Energy and Materials sectors, the other 10 subindices respond significantly to all four U.S. news announcements. The U.S. news has the strongest impacts on the conditional variance of the Industrials and Property Trusts sectors with 10 significant responses each. Moreover, while the U.S. news acts as a stimulus to the volatility of most of subindices, we observe that the conditional variance of Telecommunications Services and Property Trusts subindices was lower following the U.S. news, especially the good news of higher than expected GDP growth rate over all three time horizons.
For individual news announcements, the Fed news has a positive effect on the conditional variance of seven sectors during at least one time horizon (Energy, Industrials, Consumer Discretionary, Information Technology, Financials, and Materials). On the other hand, a calming effect of the Fed is only shown during the overnight horizon and turns to elicit an effect during the daily horizon for the Consumer Staples and Health Care sectors. Except for the Materials sector, which does not react, the others respond significantly to the GDP news during at least one time horizon. Remarkably, while in general, the effect of the GDP on the conditional variance of the Australian subindices is calming, we observe that in four sectors (Energy, Industrials, Health Care, and Utilities), the GDP elicits volatility during the overnight horizon, but this effect becomes calming during the daily horizon. Except for Energy and Utilities, the other nine sectors respond significantly to the CPI inflation news. Notably, three sectors respond significantly during all three time horizons (Industrials, Consumer Discretionary, and Property Trust). However, the response is different. While the inflation news injects a calming effect into the Industrials sector, the opposite effect is shown for the Consumer Discretionary subindex. For the Property Trust sector, the calming effect is shown only during the overnight horizon, and the reverse is observed during the other two time horizons. For unemployment news, all sectors except for the Energy sector respond significantly during at least one time horizon. Only the Consumer Staples subindex responds significantly to unemployment news during all three horizons. While the unemployment news generally has a volatility raising impact, the calming effect is observed during the overnight horizon for the Information Technology and Property Trust sectors.
On the conditional mean, the U.S. news has the most influence on the Consumer Discretionary, Utilities, and Financials subindices with 4 significant coefficients each. The Health Care sector is insulated from the U.S. news on the mean. On the conditional variance, the U.S. news has the strongest effect on the Industrials and Property Trusts subindices with 10 significant responses each, while it has the least effect on the conditional variance of the Utilities returns with 3 responses. On both the first two moments, the U.S. news has the most influence on the Industrials and Property Trusts returns with 13 significant responses each. On the other hand, the U.S. news has the least effect on both the first two moments of the Materials returns with 6 significant responses.
Robustness Checks
Controlling for the Australian Domestic News
During the course of a trading day, other macroeconomic announcements made by the Australian Bureau of Statistics (ABS) at 11.30 a.m. Australian EST (GMT+10) might affect the Australian stock market. Thus, we include a dummy variable (
MacroAnn , ) for each of the Australian macroeconomic announcements in the conditional variance equation to isolate the influence of the U.S. news from the Australian domestic news on the days of multiple information arrivals. 5 In particular, we control for announcements about Australian inflation, employment, international accounts, and retail sales as in Equation 4: Table 3 shows that controlling for the Australian domestic news, the results are qualitatively similar to what was reported in the section on empirical results where, on the mean, an expansion in the U.S. economy (higher GDP) leads to an increase in the Australian stock market return, while a contraction (higher interest rate, inflation, and unemployment) results in a negative return for the Australian markets. We observe that controlling for the Australian domestic news, aside from those significant responses reported, the Energy subindex also responds significantly to the Fed news during the daily horizon; the aggregate ASX/S&P 200 and the Energy and the Health Care subindices also respond significantly to the inflation news during the overnight horizon; the Property Trusts subindex responds significantly to the inflation news during the intraday horizon, and the Industrials sector also responds to the unemployment news during the intraday horizon.
(insert Table 3 about here) On the conditional variance, while the general impact reported under empirical results remains qualitatively unchanged, we observe a slight increase to 86 significant responses compared with 81 cases reported. Except for the Property Trusts subindex, all other (4) Table 3 shows that controlling for the Australian domestic news, the results are qualitatively similar to what was reported in the section on empirical results where, on the mean, an expansion in the U.S. economy (higher GDP) leads to an increase in the Australian stock market return, while a contraction (higher interest rate, inflation, and unemployment) results in a negative return for the Australian markets. We observe that controlling for the Australian domestic news, aside from those significant responses reported, the Energy subindex also responds significantly to the Fed news during the daily horizon; the aggregate ASX/S&P 200 and the Energy and the Health Care subindices also respond significantly to the inflation news during the overnight horizon; the Property Trusts subindex responds significantly to the inflation news during the intraday horizon, and the Industrials sector also responds to the unemployment news during the intraday horizon.
On the conditional variance, while the general impact reported under empirical results remains qualitatively unchanged, we observe a slight increase to 86 significant responses compared with 81 cases reported. Except for the Property Trusts subindex, all other subindices show some marginal changes. Apart from those significant responses reported under empirical results, the Energy, Consumer Discretionary, and Information Technology subindices respond significantly to the Fed news during the overnight horizon, and the Financials subindex responds significantly to the Fed news during the daily horizon as well. On the other hand, the ASX/S&P 200 and the Industrials subindices no longer respond to the Fed news during the overnight horizon, while the coefficients of the Energy, Consumer Staples, and Information Technology subindices are no longer significant during the daily horizon. For the GDP news, the coefficients of the ASX/S&P 200 and Consumer Discretionary subindices become significant during the overnight and daily horizons respectively, while 2 other coefficients of the Energy and Information Technology subindices become insignificant during the intraday and overnight horizons respectively. For the inflation news, 7 coefficients become significant, namely, Energy and Health Care (intraday and daily), Utilities (overnight and daily) and Property Trusts (intraday). Conversely, coefficients of Telecommunications Services (daily) and Financials (overnight) are insignificant now. In addition, Energy and Health Care (overnight), Industrials (intraday), and Information Technology (daily) returns respond significantly to unemployment news, while the impact is muted during the overnight horizon for the Consumer Staples, Financials, and Materials subindices. Despite of these changes, the general impact is qualitatively similar to what was discussed under empirical results where the U.S. news has the least effect on both the first two moments of the Materials returns (5 significant coefficients) and the most influence on both the first two moments of the Industrials and Property Trusts returns (14 significant responses). On the conditional mean, the U.S. news has the strongest impact on the Energy, Industrials, Consumer Discretionary, Utilities, and Property Trusts sectors (4 responses each) and the least impact on the Health Care sector (1 response). On the conditional variance, the U.S. news has the strongest influence on the Industrials, Health Care, and Property Trust sectors (10 responses each) and the least influence on the Consumer Staples, Telecommunications Services, and Utilities (5 responses each). Table 3 U Note. This table reports the estimation results of the MA-EGARCH models described in Equation 4 for the spillover effect of the U.S. news on daily changes of the Australian stock markets. Fed is the FOMC's target rate announcement, GDP is the gross domestic product, CPI is the consumer price index, and UE is the unemployment rate. p values are in parentheses. *, **, *** denote significance at 10%, 5%, and 1%, respectively.
.S. Spillover Effects Controlling for Australian News
Standardized Effects
Because measurement units differ across news announcements and to facilitate comparability we standardize the news by dividing it by the standard deviation across all observations following Balduzzi et al. (2001) comparability we standardize the news by dividing it by the standard deviation across all observations following Balduzzi et al. (2001) The regression coefficient is to be interpreted as the response to a one-standard deviation change in the news variable, SNews i . As can be seen from Table 4 
The regression coefficient is to be interpreted as the response to a one-standard deviation change in the news variable, SNews i . As can be seen from Table 4 , quantitatively, we observe slightly fewer numbers of statistically significant coefficients compared with the baseline model's results reported in the empirical results section with 24 and 76 cases for the conditional mean and volatility respectively. Remarkably, coefficients of the Industrials, Health Care, and Property Trusts subindices are not affected. Four subindices have one coefficient change, and all of them are in response to inflation news, of which three subindices have one coefficient becoming insignificant, that is, Utilities' conditional mean during the overnight horizon, conditional variance coefficients of ASX/S&P 200, and Materials' subindices during the daily horizon, while the coefficient of the Telecommunications Services becomes significant during the daily horizon. Furthermore, five changes are observed in two subindices; while 3 Information Technology conditional variance coefficients become significant in response to Fed and inflation news (overnight), and GDP news (daily), the other 2 coefficients in response to Fed (intraday) and unemployment news (overnight) become insignificant. Similarly, the Financials sector also has five changes; while the Fed's conditional variance coefficient becomes significant during the daily horizon, the conditional mean coefficients of the Fed (daily) and the unemployment news (overnight) as well as the conditional variance coefficients of the Fed (overnight) and the unemployment (intraday) become insignificant. Seven changes have been observed for the Consumer Discretionary sector and eight changes for the Energy sector.
Despite these changes, Table 4 shows evidence consistent with the findings reported under empirical results where the general impact is qualitatively alike, where U.S. news has the least effect on both the first two moments of the Materials returns (5 significant coefficients) and the most influence on both the first two moments of the Industrials and Property Trusts returns (14 and 13 significant responses, respectively). On the conditional mean, the Health Care sector is insulated from the U.S. news, while U.S. news has the strongest impact on the Industrials sector. On the conditional variance, U.S. news has the strongest effect on the Industrials and Property Trusts sectors and the least effect on Consumer Discretionary and Utilities sectors.
Table 4
Standardized News Effects Note. This table reports the estimation results of the MA-EGARCH models described in Equation 6 for the spillover effect of the U.S. news on daily changes of the Australian stock markets using standardized news measures shown in Equation 5 (Balduzzi et al., 2001) . Fed is the FOMC's target rate announcement, GDP is the gross domestic product, CPI is the consumer price index, and UE is the unemployment rate. p values are in parentheses. *, **, *** denote significance at 10%, 5%, and 1%, respectively. 
